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DISPLAY DEVICE AND DISPLAY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application and is
based upon PCT/JP2007/070363, filed on Oct. 18, 2007, the
entire contents of which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to a
display device and a display system including a flexible dis-
play element, such as flexible electronic paper, and in particu-
lar, to a display device and a display system including a
display element capable of being bent.

BACKGROUND

[0003] On paper, as an advertising/display medium, adver-
tising content and display content are printed in advance, and
therefore, the advertising content and the display content
cannot be changed. When the advertising content and display
content has ended, the paper on which the advertising content
and display content are printed is discarded.

[0004] In recent years, a flexible display element, such as
electronic paper that is thin and flexible and in which display
content can be rewritten, has been developed. It is possible to
increase the degree of attention compared to the case where
conventional paper is used by displaying the advertising con-
tent on such a flexible display element instead of posting up
paper on which the advertising content and the display con-
tent are printed in advance and by rewriting an image in
accordance with the change in circumstances.

[0005] Japanese Laid-open Patent Publication No. 2003-
114635 describes a paper-like information display medium
that is thin and flexible and an information providing method
and an information providing system using the same, and also
describes a configuration that provides information timely
and meticulously by distributing information data while “tak-
ing time and place into consideration” onto the information
display, as an advertisement hanging from the ceiling of a
train or bus.

[0006] International Publication Pamphlet No. WO2005/
024774 describes a method of supplying data and electric
power to an information display medium.

[0007] Japanese Laid-open Patent Publication No. 2003-
280546 describes an information display element capable of
being bent into a predetermined shape by providing an actua-
tor to an information display element that is thin and flexible.

SUMMARY

[0008] According to an aspect of the embodiments, a dis-
play device includes: a display part that displays an image;
and a control part that causes the display part to bend in
accordance with the display image.

[0009] The object and advantages of the embodiments will
be realized and attained by means of the elements and com-
bination particularly pointed out in the claims.
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[0010] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A is a diagram illustrating a configuration of
a display system in an embodiment;

[0012] FIG.1Bis adiagram explaining a bending motion of
a display device in the embodiment;

[0013] FIG. 1C is a block diagram illustrating a functional
configuration of the display system;

[0014] FIG. 2 is a diagram explaining a modified example
of'a bending motion of the display device;

[0015] FIG. 3 is a diagram explaining a modified example
of'a bending motion of the display device;

[0016] FIG. 4 is a diagram explaining a modified example
of an arrangement of actuators of the display device;

[0017] FIG. 5 is a diagram explaining a modified example
of an arrangement of actuators of the display device;

[0018] FIG. 6A is a diagram explaining an example of a
bending motion that can be realized by the arrangement of the
actuators in FIG. 4 and FIG. 5;

[0019] FIG. 6B is a diagram explaining an example of a
bending motion that can be realized by the arrangement of the
actuators in FIG. 4 and FIG. 5;

[0020] FIG. 6C is a diagram explaining an example of a
bending motion that can be realized by the arrangement of the
actuators in FIG. 4 and FIG. 5;

[0021] FIG. 6D is a diagram explaining an example of a
bending motion that can be realized by the arrangement of the
actuators in FIG. 4 and FIG. 5;

[0022] FIG. 6E is a diagram explaining an example of a
bending motion that can be realized by the arrangement of the
actuators in FIG. 4 and FIG. 5;

[0023] FIG. 6F is a diagram explaining an example of a
bending motion that can be realized by the arrangement of the
actuators in FIG. 4 and FIG. 5;

[0024] FIG. 6G is a diagram explaining an example of a
bending motion that can be realized by the arrangement of the
actuators in FIG. 4 and FIG. 5;

[0025] FIG. 7A is a diagram illustrating a structure of a
piezoelectric actuator including a monomorph structure;
[0026] FIG. 7B is a diagram illustrating a bent state of a
piezoelectric actuator including the monomorph structure;
[0027] FIG. 7C is a diagram illustrating a bent state of a
piezoelectric actuator including the monomorph structure;
[0028] FIG. 8A is a diagram illustrating a structure of a
piezoelectric actuator including a bimorph structure;

[0029] FIG. 8B is a diagram illustrating a bent state of a
piezoelectric actuator including the bimorph structure;
[0030] FIG. 8C is a diagram illustrating a bent state of a
piezoelectric actuator including the bimorph structure;
[0031] FIG. 8D is a diagram illustrating a bent state of a
piezoelectric actuator including the bimorph structure;
[0032] FIG.9is a diagram illustrating a configuration of an
actuator drive part for making variable an amount of bending
of an actuator;

[0033] FIG. 10A is a diagram illustrating an example of a
drive signal of the actuator;

[0034] FIG. 10B is a diagram illustrating an example of a
drive signal of an actuator;

[0035] FIG. 10C is a diagram illustrating an example of a
drive signal of the actuator;
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[0036] FIG. 10D is a diagram illustrating an example of a
drive signal of the actuator;

[0037] FIG. 11A is a diagram illustrating an example of a
display image in a modified example in which a Fresnel lens
is arranged on the front surface of a display device;

[0038] FIG. 11B is a diagram illustrating a modified
example in which a Fresnel lens is arranged on the front
surface of a display device;

[0039] FIG.12is adiagram explaining a modified example
in which an actuator that bends in accordance with a display
image is changed;

[0040] FIG.13A is a diagram illustrating a configuration of
adisplay device in which data is stored in a storage part in an
off-line manner;

[0041] FIG.13Bis a diagram illustrating a configuration of
a display device in which data is transmitted from an external
transmission part to a storage part via a wired interface of a
holding part;

[0042] FIG.13C s a diagram illustrating a configuration of
a display device in which data is transmitted from an external
transmission part to a storage part via a wireless interface;
[0043] FIG.14A isadiagram illustrating a configuration in
which a sensor is provided in a display device;

[0044] FIG.14B is a diagram illustrating a configuration of
a display device in which a sensor is provided externally and
a sensor detection signal is transmitted to a control part via a
wired interface of a holding part;

[0045] FIG.14C is a diagram illustrating a configuration of
a display device in which a sensor is provided externally and
a sensor detection signal is transmitted to a control part via a
wireless interface;

[0046] FIG.15A isadiagram illustrating a configuration in
which a speaker is provided in a display device;

[0047] FIG.15B is a diagram illustrating a configuration in
which a speaker is provided externally and a voice stream is
transmitted from a control part to the speaker via a wired
interface of a holding part;

[0048] FIG.15C is a diagram illustrating a configuration in
which a speaker is provided externally and a voice stream is
transmitted from a control part to the speaker via a wireless
interface;

[0049] FIG. 16 is a diagram illustrating a configuration in
which electric power is supplied to a power source of a dis-
play device by a high frequency wireless signal for electric
power;

[0050] FIG. 17 is a diagram illustrating a configuration in
which a power source is provided externally and electric
power is supplied to a display device via a wired interface of
a holding part;

[0051] FIG. 18 is a diagram illustrating a configuration in
which a power source, a control part, and an actuator drive
part are provided externally and an image rewrite signal and
an actuator drive signal are supplied to a display part via a
wired interface of a holding part.

DESCRIPTION OF EMBODIMENTS

[0052] Embodiments are explained below with reference to
the drawings.
[0053] FIG. 1A is a diagram illustrating a configuration of

a display system in an embodiment.

[0054] As illustrated in FIG. 1A, the display system in the
embodiment includes a display device 10 and a transmission
part 31. The display device 10 includes a flexible display
element 11 including a display screen 13, a thin power source
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21, a display control part 22, a storage part 23 that stores
image data and data of bending motion corresponding to the
image data, an actuator drive part 24, and actuators 25A to
25D. As will be described later, the display device 10 also
includes a display drive part that drives the flexible display
element 11, however, it is not illustrated schematically here.
This also applies in other drawings. The thin power source 21,
the display control part 22, the storage part 23, the actuator
drive part 24 and the actuators 25A to 25D are provided on the
flexible display element 11.

[0055] The transmission part 31 transmits image data and
data of bending motion corresponding to the image data to the
display device 10. The image data and data of bending motion
transmitted from the transmission part 31 are stored in the
storage part 23.

[0056] The data of bending motion includes data about a
number for identifying an actuator(s) when a plurality of
actuators are provided, a bending mode that specifies the type
of' bending motion, timing of bending motion, etc.

[0057] Asthe flexible display element 11, it is also possible
to use a thin liquid crystal display or EL display, however,
electronic paper that does not require electric power, except
when rewriting, is preferable when the frequency of rewriting
is low, such as in an advertising display. In particular, a
cholesteric liquid crystal color electronic paper that is light in
weight and capable of a bright color display is most prefer-
able. The cholesteric liquid crystal display device is widely
known and described in, for example, patent document 2, and
therefore, its detailed explanation is omitted here.

[0058] Either way, the flexible display element 11 has flex-
ibility, i.e., the flexible display element 11 is flexible and
desirable to be in the form of a sheet. In the following expla-
nation, it is assumed that the flexible display element 11 is
electronic paper.

[0059] The display control part 22 reads image data and
data of bending motion stored in the storage part 23, selects a
kind of image, and displays the image on the flexible display
element (electronic paper) 11 at a display timing associated
with the image and at the same time, controlling the actuator
drive part 24 in accordance with the data of bending motion
associated with the image. In response to this, the actuator
drive part 24 drives the actuators 25A to 25D. The power
source 21 supplies electric power to each component.
[0060] Thepower source 21, the display control part 22, the
storage part 23 and the actuator drive part 24 are light and thin
and provided on the backside of the flexible display element
11. The display drive part, not illustrated schematically, is
also light and thin and provided on the backside of the flexible
display element 11.

[0061] Astheactuators 25A to 25D, itis also possibletouse
those of normal electromagnetic type and provide separately
from the flexible display element 11, however, an actuator in
the form of a sheet is preferable and provided on the backside
of the flexible display element 11. It is possible to realize a
display and bending features of the flexible display element
11 while allowing the flexible display element 11 to remain in
the form of a thin sheet by using an actuator in the form of a
strip.

[0062] FIG. 1B is a diagram explaining the bending motion
of the flexible display element 11. Reference numeral 12
represents a holding member for holding the flexible display
element 11. The flexible display element 11 includes the four
actuators 25A to 25D provided along the upper and lower
edges, and therefore, the right and left sides are bent by
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driving them. Due to this, for example, it is possible to bring
the flexible display element 11 into a wavy state as illustrated
in FIG. 1B. Further, it is also be possible to bend the display
element so as to form part of a cylinder. Furthermore, it is
possible to cause the display element to perform a wavy
motion by repeating turning on/off of the bending motion,
and the degree of attention can be changed by changing the
speed of the bending motion.

[0063] FIG. 10 is a block diagram illustrating a functional
configuration of a display system in the embodiment. As
illustrated in FIG. 10, the transmission part 31 includes a
transmission data storage part 32 that stores image data and
data of bending motion corresponding to the image data, and
a data transmission part 33 that transmits the image data and
data of bending motion read from the transmission data stor-
age part 32 to the display device 10.

[0064] Reference numeral 34 represents a transmission
path of image data and data of bending motion. As will be
described later, there can be various modifications for the
transmission path 34.

[0065] The display device 10 includes a reception part 41
that receives image data and data of bending motion trans-
mitted from the transmission part 31, the storage part 23 that
stores the received image data and data of bending motion, the
display control part 22, the actuator drive part 24, the actuator
25 (25A to 25D), a display drive part 26, the flexible display
element 11, and the power source 21.

[0066] To the part in relation to the image display ofthe part
configured by the transmission data storage part 32, the data
transmission part 33, the transmission path 34, the power
source 21, the reception part 41, the storage part 23, the
display control part 22, the display drive part 26, and the
display part 13, the conventional configuration described in,
for example, patent document 2, can be applied as it is. The
present embodiment differs from the conventional example in
that the transmission data storage part 32, the data transmis-
sion part 33, the transmission path 34, the reception part 41,
the storage part 23, and the display control part 22 deal with
data of bending motion and in that the actuator drive part 24
and the actuator 25 are provided.

[0067] FIG. 2 and FIG. 3 are diagrams each illustrating a
modified example of positions at which actuators are pro-
vided.

[0068] In FIG. 2, actuators 25E and 25F in the form of a
strip are provided, respectively, on the vertical side and the
bottom side near one corner of the flexible display element
11. By driving the actuators 25E and 25F, the one corner on
the bottom side bends and the flexible display element 11 is
brought into a state where the corner is turned up or turned
down.

[0069] When the flexible display element 11 illustrated in
FIG. 2 is used for advertisement, it is possible to increase the
degree of attention and further magnify the advertising effec-
tiveness by displaying a brand name, advertising phrase,
sponsor name, etc., at the corner part of the flexible display
element 11 at which the actuators 25E and 25F are provided.
[0070] By continuously repeating the bending motion, the
one corner on the bottom side rocks back and forth. By
repeating the bending motion at high speed, the corner will
attract attention in a manner different from that when the
bending motion is repeated at low speed.

[0071] In FIG. 3, actuators 25G and 25H in the form of a
strip are provided in parallel with each other on both vertical
sides of the flexible display element 11. By driving both the
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actuators 25G and 25H at the same time, the flexible display
element 11 bends so as to be a part of a cylinder. If this
bending motion is performed continuously, the bottom side
rocks back and forth.

[0072] Asillustrated in FIG. 4 and FIG. 5, it is also possible
to provide more actuators 25 on the flexible display element
11. In the example in FIG. 4, the actuators 25 are provided
along the four sides of the flexible display element 11 and all
of the bending motions in FIG. 1B, FIG. 2 and FIG. 3 can be
realized by selecting and driving the two or more actuators 25.
[0073] Inthe example in FIG. 5, the plurality of the actua-
tors 25 are provided on the flexible display element 11 in the
form of a grid. FIG. 6A to FIG. 6G show examples of the
bending motions that can be realized by the arrangement of
the actuators 25 in FIG. 5. In FIG. 6A to FIG. 6G, only the
actuators that are driven are illustrated. FIG. 6D and FIG. 6E
show the bending of the flexible display element 11 in FIG.
6B and FIG. 6C localized only in a part. In particular, if the
bending is such as illustrated in FIG. 6F and FIG. 6G, it is
possible to greatly impact the advertisement of canned bev-
erages, etc.

[0074] Various bending states, in addition to those
examples illustrated in FIG. 6 A to FIG. 6G, can berealized by
combining the actuators 25 to be bent. Further, when an
actuator, the bending direction of which can be selected is
used, it is possibleto select a bending direction, and therefore,
to realize even more bending states. No more explanation on
the bending state is given here.

[0075] Next, an actuator in the form of a sheet is explained.
As described above, when the present embodiment is real-
ized, it is preferable to use an actuator in the form of a thin
sheet. As an actuator in the form of a sheet having high utility,
mention is made of, for example, a piezoelectric actuator
including a monomorph/bimorph structure widely known as
a piezoelectric element. Further, there is a thermal distortion
actuator including a monomorph/bimorph structure, and an
actuator can be used, which has a thickness of about 25 um
and capable of bending cholesteric liquid crystal color elec-
tric paper having a thickness of 300 um, however, an piezo-
electric actuator is more desirable from the standpoint of
power consumption.

[0076] FIG. 7A is a diagram illustrating a structure of an
actuator 50 including a monomorph structure that uses a
plate-shaped piezoelectric element and FIG. 7B and FIG. 7C
show its bent states.

[0077] As illustrated in FIG. 7A, the actuator 50 including
amonomorph structure includes a lower electrode 51, a plate-
shaped piezoelectric element 52 provided on the lower elec-
trode 51, and an upper electrode 53 provided on the plate-
shaped piezoelectric element 52, and is attached to the
backside of the electronic paper 11 by the adhesion of the
lower electrode 51 thereto. The thickness of the flexible dis-
play element (electronic paper) 11 is 300 um, the thickness of
a stainless plate constituting the upper electrode is 25 pm, and
the thickness of the plate-shaped piezoelectric element 52 is
50 um. A piezoelectric constant d31 is -300 pm/V and a
piezoelectric applied voltage is 60 V. When a voltage of 60 V
is applied, the electric field strength is 1.2 kV/mm and the
stainless plate constituting the upper electrode bends at a
radius of curvature of about 1 m, and in response to this, the
electronic paper 11 also bends. FIG. 7B shows a state where
no voltage is applied and the stainless plate constituting the
upper electrode 51 is in a flat state. Because this actuator
includes a monomorph structure, the direction of bending is
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only toward one side and when a voltage is applied, the
stainless plate constituting the upper electrode 51 bends so as
to form a convex shape, as illustrated in FIG. 7C.

[0078] FIG. 8A is a diagram illustrating a structure of an
actuator 54 including a bimorph structure that uses a plate-
shaped piezoelectric element and F1G. 8B to FIG. 8D show its
bent states.

[0079] As illustrated in FIG. 8A, the actuator 54 including
a bimorph structure includes a common electrode 57 made of
a stainless plate, a lower side plate-shaped piezoelectric ele-
ment 56 provided on one side of the common electrode 57, an
upper side plate-shaped piezoelectric element 58 provided on
the other side of the common electrode 57, the lower electrode
51 provided on the lower side plate-shaped piezoelectric ele-
ment 56, and an upper electrode 59 provided on the upper side
plate-shaped piezoelectric element 58, and is attached to the
backside of the electronic paper 11 by the adhesion of a lower
electrode 55 etc. The thickness of the electronic paper 11 is
100 pm, the thickness of the stainless plate constituting the
common electrode 57 is 25 um, and the thickness of the lower
side and upper side plate-shaped piezoelectric elements 56,
58 is 50 um. The piezoelectric constant d31 is =300 pm/V and
the piezoelectric applied voltage is 60 V. When a voltage of 60
V is applied, the stainless plate constituting the common
electrode bends at a radius of curvature of about 1 m, and in
response to this, the electronic paper 11 also bends. FIG. 8B
shows a state where no voltage is applied and the stainless
plate constituting the upper electrode 51 is in a flat state.
Because this actuator includes a bimorph structure, it can
bend to both sides and when a voltage is applied to the upper
electrode 59, the upper electrode 59 bends so as to form a
concave shape as illustrated in FIG. 8C and when a voltage is
applied to the lower electrode 55, the upper electrode 59
bends so as to form a convex shape as illustrated in FIG. 8D.
[0080] If a piezoelectric element having excellent crystal-
linity, which is manufactured by the sol-gel method or RF
sputtering method, is used as the plate-shaped piezoelectric
elements 52, 56, 58 in the actuator 50 including a monomorph
structure in FIG. 7A and the actuator 54 including a bimorph
structure in FIG. 8A, the electric field strength is 18 kV/mm
and the stainless plate bends at a radius of curvature of about
10 cm when a voltage of 900V is applied, and therefore, it is
possible to considerably bend the electronic paper 11 having
a thickness of 300 pm.

[0081] When only the bending (on/off) of a plate-shaped
piezoelectric element is controlled, complicated waveforms
are not necessary to drive it, and it is only required to simply
turn on/off a predetermined voltage using a drive transistor
etc. provided in the actuator drive part 24. The drive power
source of a display medium is about 30 V, for example, in the
case of cholesteric liquid crystal, and if the voltage required to
drive the actuator is about 60V, it is possible to easily generate
waves only by adding a publicly known voltage doubler out-
put circuit to the drive power source of the display medium.
When the above-mentioned piezoelectric element excellent
in crystallinity is used and is considerably bent by applying a
voltage of 900 V, it is necessary to provide a high voltage
power source exclusive for the piezoelectric element.

[0082] Itis also possible to control (1) the amount of bend-
ing and (2) the speed of bending of the plate-shaped piezo-
electric element, in addition to only the bending (on/off), and
in such a case, the amplitude of a voltage to be applied to the
plate-shaped piezoelectric element and the rate of change in
speed are controlled.
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[0083] FIG. 9 is a diagram illustrating the configuration of
the actuator drive part 24 when the amount of bending and the
speed of bending are controlled. As illustrated in FIG. 9, the
actuator drive part 24 includes a D/A converter 27 that
receives bending amplitude data and issues an analog signal
in accordance with the data, and a voltage amplifier 28 that
amplifies the D/A converter 27 to generate a voltage to be
applied to the actuator.

[0084] FIG. 10A to FIG. 10D show voltage waveforms to
be applied to the electrode.

[0085] First, acase where (1) how much the element is bent,
that is, the amount of bending is controlled is explained with
reference to FIG. 10A and FIG. 10B. When the power source
is turned on, “amplitude=0" is sent to the D/A converter 27 as
data of bending motion and the piezoelectric drive voltage
becomes 0 V. At this time, the piezoelectric element is in a flat
state where it is not bent.

[0086] Asillustrated in FIG. 10A, when the element is bent
to the maximum amplitude at a certain timing, “amplitude=1"
is sent to the D/A converter 27 as the bending amplitude data
and the piezoelectrie drive voltage rapidly changes to the
maximum output voltage (for example, 60 V). Due to this, the
piezoelectric element is brought into a maximally bent state.
While this voltage is being applied, the bent state of the
piezoelectric element is maintained. During this period,
almost no current flows, and therefore, its power consumption
is very small. When the timing at which the state is returned
to its original state is reached, “amplitude=0" is sent to the
D/A converter 27 as the bending amplitude data and the
piezoelectric drive voltage rapidly becomes 0 V, and there-
fore, the bent state is released and the piezoelectric element
enters a flat state.

[0087] As illustrated in FIG. 10B, when the piezoelectric
element is bent to half the maximum amplitude at a certain
timing, “amplitude=0.5" is sent to the D/A converter 27 as
bending amplitude data and the piezoelectric drive voltage
rapidly changes to %4 of the maximum output voltage (for
example, 30 V). Due to this, the piezoelectric element is
brought into a state of being bent to halfthe maximum amount
of' bending and the bent state is maintained while the voltage
is being applied. When the timing at which the state is
returned to the original state is reached, “amplitude=0"is sent
to the D/A converter 27 as bending amplitude data and the
piezoelectric drive voltage changes to 0V, and therefore, the
bent state is released and the piezoelectric element is brought
into the flat state.

[0088] Next, a case where (2) at which speed the element is
bent, i.e., the bending speed is controlled is explained with
reference to FIG. 10C and FIG. 10D. When the power source
is turned on, “amplitude=0" is sent to the D/A converter 27 as
data of bending motion and the piezoelectric drive voltage
changes to 0 V. At this time, the piezoelectric element is in the
flat state where the piezoelectric element is not bent.

[0089] When the piezoelectric element is bent gradually in
apredetermined period of time to the maximum amplitude at
a certain timing, as illustrated in FIG. 10C, “amplitude=0.2”
is sent to the D/ A converter 27 first as bending amplitude data
and the piezoelectric drive voltage changes to %5 of the maxi-
mum output voltage (for example, 12 V). After the voltage is
maintained for a period of /5 of a predetermined time, “ampli-
tude=0.4"is sent to the D/A converter 27 and the piezoelectric
drive voltage changes to %5 of the maximum output voltage
(for example, 24 V). This is repeated and a predetermined
time later, “amplitude=1.0" is sent to the D/A converter 27
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and the piezoelectric drive voltage changes to the maximum
output voltage (for example, 60 V). Due to this, the piezo-
electric element is brought into the maximally bent state.
When the timing at which the state is returned to the original
state is reached, “amplitude=0.8" is sent to the D/A converter
27 as bending amplitude data and the piezoelectric drive
voltage changes to 45 of the maximum output voltage (for
example, 48 V). After this voltage is maintained for a period
of 15 of the predetermined time, “amplitude=0.6" is sent to
the D/A converter 27 and the piezoelectric drive voltage
changes to % of the maximum output voltage (for example,
36 V). This is repeated and a predetermined time later,
“amplitude=0" is sent to the D/A converter 27 and the piezo-
electric drive voltage changes to 0 V, and therefore, the bent
state is released and the piezoelectric element is brought into
the flat state.

[0090] FIG.10D shows acase where the piezoelectric drive
voltage is changed to the maximum output voltage in double
the time compared to the case in FIG. 10C, however, the
voltage is changed from the maximum output voltage to 0 V
in half the time (the same period of time as that in FIG. 10C).
[0091] There can be various modified examples for the
control of the amount of bending and the bending speed. For
example, when the bending speed is changed, control in
which the amount of bending per step and the total amount of
bending are changed, control in which one of the changes is
such that the output voltage is changed rapidly to the final
voltage as illustrated in FIG. 10A and FIG. 10B, etc., are
possible.

[0092] Next, a modified example to further magnify the
effect of display by bending is explained.

[0093] FIG. 11A and FIG. 11B are diagrams illustrating a
configuration of a display system in a modified example. In
this display system, by using a Fresnel lens 61 also in the
display element device (electronic paper 13) 11, the visual
change of a display image is enlarged optically.

[0094] As illustrated in FIG. 11B, the actuators 25 are pro-
vided along the upper side and the lower side near one of the
ends of the flexible display element (electronic paper) 11 and
the one of the sides of the flexible display element 11 can be
bent to both sides. When this side part is bent, the distance
between the display surface and the Fresnel lens 61 changes,
and therefore, the expansion ratio of the displayed image
changes considerably.

[0095] Forexample, in the case where a public sign, such as
“EXIT” as illustrated in FIG. 11A, is displayed on the flexible
display element 11, if an arrow indicating the direction of the
exit is displayed at the side part, the size of the arrow is
increased and decreased as illustrated in FIG. 11B, and
thereby, the degree of attention is increased considerably.
[0096] In the example illustrated in FIG. 11A and FIG.
11B, by bending the part of the arrow indicating the exit, the
appearance of the arrow, which is the most important target of
attention, is changed (size is increased and decreased), and
thus, the degree of attention is increased. In order to perform
this motion of the flexible display element 11 including the
actuators illustrated in FIG. 4 and FIG. 5, the positional
information of the arrow part, as the position to be bent, and
information about a bent shape (cylindrical shape the axis of
which is parallel with the side), as the way it is bent, for
example, information concerning turning on/off of bending at
two-second intervals (in the case of an actuator including a
bimorph structure, the reversal of the bending direction), as a
bending timing, are associated with the display image and
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stored in the storage part 23. Conversion from these pieces of
information into drive conditions of each actuator is per-
formed by referring to a lookup table for conversion or by
utilizing a conversion program of a microcomputer constitut-
ing the control part.

[0097] When an advertisement is displayed instead of a
public sign, if a brand name, advertising phrase, or sponsor
name, etc., is displayed at the part of the arrow in FIG. 11A,
it is possible to obtain a high degree of advertising effective-
ness.

[0098] If a display device capable of displaying a motion
picture is used, it is possible to obtain the same effect by
changing the size of the arrow to be displayed, however,
because a motion picture is displayed, energy to be consumed
is by far greater compared to the example illustrated in FIG.
11B, and therefore, not practical. Further, when a motion
picture is displayed, if the speed of drawing is not sufficiently
high, there arises a problem of flickering etc. in the display.
According to the present embodiment, such a problem will
not arise.

[0099] FIG. 12 shows an example to increase the degree of
advertising effectiveness by controlling the positions of the
actuators that bend of the flexible display element 11 includ-
ing the actuators illustrated in FIG. 4 and FIG. 5, and the
timing of bending so as to shift continuously.

[0100] FIG. 12 shows an example of advertisement of beer,
in which the part of the froth is bent into a forwardly convex
shape. Of the actuators provided along both sides, a set of the
actuators that bend changes in order 0of 25A, 25B, and 25C as
illustrated in FIG. 12 and this change is repeated. Due to this,
the position at which the actuators bend shifts continuously
upward and a visual effect that the froth seems moving is
obtained and the degree of attention is increased. This tech-
nique is also effective when used in an image of waves that
move toward the shore.

[0101] Asillustrated in FIG. 1A, the image data and data of
bending motion stored in the storage part 23 are transmitted
from the transmission part 31, however, there can be various
transmission systems. FIG. 13A to FIG. 13C are diagrams
each illustrating an example of a transmission system of the
image data and data of bending motion stored in the storage
part 23. In FIG. 13A and FIG. 13B, the reception part 41 is
omitted.

[0102] FIG. 13A is a diagram illustrating a configuration of
adisplay device when image data and data of bending motion
are transmitted in an offline manner to the storage part 23. The
display device includes a wired interface, not illustrated sche-
matically, receives the image data and data of bending motion
from the transmission part 31 via the wired interface, and
stores them in the storage part 23. After the image data and
data of bending motion are stored in the storage part 23, the
display device 10 (flexible display element 11) is installed at
adesired position and used. When in use, the state of the wired
interface is a disconnected state, and therefore, it is not pos-
sible to change the image data and data of bending motion
stored in the storage part 23 while the display device 10 is
installed.

[0103] FIG. 13B shows a configuration of a display system
in which a wired interface 35 for receiving the image data and
data of bending motion to be transmitted from the transmis-
sion part 31 to the storage part 23 is provided in the holding
member 12 that holds the display device 11. With this con-
figuration, it is possible to transmit the image data and data of
bending motion from the transmission part 31 to the storage
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part 23 in a state where the display device 10 (flexible display
element 11) is installed, and to change the image data and data
of bending motion stored in the storage part 23 at any time.

[0104] FIG.13C shows a configuration of a display system
in which image data and data of bending motion are trans-
mitted from the transmission part 31 to the storage part 23
using a wireless interface. The data transmission part 33 of the
transmission part 31 is a wireless transmission part and out-
puts image data and data of bending motion as a wireless
signal. The reception part 41 of the display device 10 is a
wireless reception part and receives a wireless signal of the
image data and data of bending motion transmitted from the
transmission part 31 and stores it in the storage part 23. With
this configuration also, it is possible to transmit the image
data and data of bending motion from the transmission part 31
to the storage part 23 even in a state where the display device
10 (flexible display element 11) is installed, and to change the
image data and data of bending motion stored in the storage
part 23 at any time.

[0105] FIG.14Ato FIG. 14C are diagrams each illustrating
a configuration of a modified example in which the display
system in the embodiment is combined with a sensor. In
addition to these modified examples, there can be various
modified examples according to the position at which a sensor
is provided.

[0106] FIG. 14A is an example in which a sensor 71 is
provided in the display device 10 (flexible display element
11). A detection signal of the sensor 71 is sent to the control
part 22.

[0107] FIG. 14B is an example in which a sensor 72 is
provided in the vicinity of the outside of the display device 10.
A detection signal of the sensor 72 is sent to the control part
22 via awired interface 73 provided in the holding member 12
that holds the flexible display element 11.

[0108] FIG.14C shows aconfiguration in which a detection
signal is transmitted to the control part 22 from a sensor 74
using a wireless interface. The sensor 74 includes a wireless
transmission part that transmits a detection signal in a wire-
less manner as well as a sensor part. The display device 10
includes a wireless reception part 75 that receives a wireless
detection signal and sends the received detection signal to the
control part 22.

[0109] The sensors 71, 72, 74 are each sensors that detect,
for example, the approach of a passerby. When detecting the
approach of a passerby within a predetermined distance from
the display device 10 (flexible display element 11), the sensor
outputs a detection signal to the control part 22. Triggered by
this signal, the control part 22 causes the flexible display
element 11 to bend as well as suddenly displaying an image
on the screen on which nothing is displayed up to that time or
changing a display image, and thus, magnitying the advertis-
ing effectiveness. When a passerby approaches the display
device, an image that is not displayed up to that time is
suddenly displayed on the display device or the displayed
content changes, and therefore, the probability of attracting
attention of the passerby is by far greater compared to an
image displayed on paper. Such a display device is arranged
along a roadway and the advertising display displayed ahead
of'a passerby changes sequentially when the passerby moves
along the roadway or the advertising display bends in accor-
dance with the movement of the passerby presents a magnifi-
cent spectacle, and therefore, the advertising effectiveness is
very high.
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[0110] Inthe configuration in FIG. 14A, because the sensor
71 is provided in the display device 10 (flexible display ele-
ment 11), it is required only to arrange the display device 10
(flexible display element 11) and the holding method is not
limited, and therefore, its installation is easy. However, the
distance within which the sensor 71 can detect the approach
of a passerby without fail is limited, and therefore, there is a
problem that the approach of a passerby cannot be detected
unless the passerby comes very close to the flexible display
element 11. In contrast to this, in the configuration in FIG.
14B, it is possible to appropriately arrange the sensors 72, 74
at desired positions, and therefore, it is possible to arbitrarily
set a position at which the image display and the bent state are
changed when a passerby approaches. However, in the case of
FIG. 14B, it is necessary to provide the interface 73 in the
holding part 12 and there is a problem that the holding part of
the conventional paper medium cannot be used. With the
configuration in FIG. 14C, the above-mentioned problems do
not arise, however, it is not possible to arrange the sensor 74
at too great a distance because of the communication range
available.

[0111] Inrecentyears, an identification device called RFID
is widely spread. The identification device outputs a wireless
signal for excitation from a base apparatus, and the RFID
generates electric power from the wireless signal and acti-
vates an internal circuit using the electric power and transmits
stored data to the base apparatus. The base apparatus takes out
information stored in the RFID from the received signal.

[0112] For example, in a limited space, such as an amuse-
ment park and zoo, with visitors’ permission, RFIDs that store
attribute data, such as visitor’s sex and age, are attached to the
visitors, and the sensors 71, 72, 74 are used as the base
apparatus. The sensors 71, 72, 74 output wireless signals at all
times and when a visitor carrying the RFID approaches the
sensor, the sensor acquires the attribute data from the RFID
and causes the flexible display element 11 to display an
appropriate image in accordance with the data or to rewrite
the display image so that an appropriate image is displayed,
and further, to perform a bending motion in accordance with
the display image. When a visitor approaches, the flexible
display element 11 changes the display image and further
performs a bending motion, and therefore, it is possible to
display and emphasize information suitable for the approach-
ing visitor as well as increasing the degree of attraction, and
therefore, more appropriate information can be demon-
strated.

[0113] The difference in the characteristics resulting from
the difference in the configuration between FIG. 14A to FIG.
14C is the same as that in the case of the above-mentioned
distance sensor.

[0114] It requires the consent of a passerby to attach an
RFID to the passerby to carry it on a general road or roadway
because of the security of personal data, and therefore, it is
difficult to realize the above-mentioned system, however, it is
possible within a specific shop, if an RFID is attached to a
point card dedicated to the shop and a shopper carries the
point card.

[0115] Further, by designing the sensors 71, 72, 74 so as to
be capable of detecting temperature, smoke, noise, illumi-
nance in the vicinity thereof and causing the flexible display
element 11 to bend as well as displaying an image in accor-
dance with the detection signal, it is possible to further mag-
nify the display effect.
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[0116] For example, when the sensor is a temperature sen-
sor, a wind-bell or waves that move toward the shore are
displayed on a hot day and a bending motion is performed in
accordance with a display image. Further, an advertisement
of cooling beverages is displayed and a bending motion is
performed.

[0117] Further, by designing the sensor as a noise sensor, it
is possible to rewrite the advertisement and increase the fre-
quency of a bending motion based on the judgment that there
are alot of passersby when the detected noise level is high. On
the other hand, when the detected noise level is low, it is
judged that there are few passersby and the advertisement is
rewritten and the frequency of bending motion is decreased to
reduce power consumption.

[0118] Furthermore, on a reflection type display medium,
such as cholesteric liquid crystal, displayed information is
hard to see if the illuminance is low. Because of this, the
sensor is designed as an illuminance sensor and when the
detected illuminance level is high, a normal image is dis-
played and a bending motion is performed. Onthe other hand,
when the detected illuminance level is low, an image intended
to be used when the illuminance is low stored in the storage
part 23 in advance, in which the character size is large, the line
is thick, and the number of colors is small, is read and dis-
played and at the same time, a bending motion is performed in
accordance with the display image.

[0119] The modified examples in which sensors are com-
bined are explained as above, however, there can be various
kinds of sensors and various combinations.

[0120] Further, information can be expressed not only by a
display but by sound. Because of this, it is possible to further
increase the degree of attention when providing information
by combining an acoustic apparatus with the display system
in the embodiment.

[0121] FIG.15Ato FIG. 15C are diagrams each illustrating
a configuration of a modified example in which a speaker is
combined with the display system in the embodiment. There
can also be various modified examples according to the posi-
tion at which the speaker is provided.

[0122] FIG. 15A is an example in which a speaker 81 is
provided in the display device 10 (flexible display element
11). The control part 22 outputs a voice stream to the speaker
81 and the voice is output from the speaker 81.

[0123] FIG. 15B is an example in which a speaker 82 is
provided outside the display device 10. The control part 22
sends a voice stream to the speaker 82 via a wired interface 83
provided in the holding member 12 that holds the flexible
display element 11.

[0124] FIG. 15C shows a configuration for transmitting a
voice stream to a speaker 86 from the control part 22 using a
wireless interface. The display device 10 includes a wireless
transmission part 84 that outputs the voice stream output from
the control part 22 as a wireless signal. To the speaker 86, a
wireless reception part 85 is attached, which receives the
wireless signal of the voice stream transmitted from the wire-
less transmission part 84 and sends the received voice stream
to the speaker 86.

[0125] The control part 22 reads the image data, data of
bending motion and voice data stored in a storage part, not
illustrated schematically, and produces a display at a timing
specified by the data and performs a bending motion and at
the same time, sending a voice stream to the speaker 81 at a
timing associated with the timing and outputting a voice
signal. Due to this, itis possible to output music in accordance

Jul. 29,2010

with the display image and perform a bending motion of the
display device 10 to the accompaniment of the rhythm of the
music, and therefore, the degree of attention can be further
increased.

[0126] In the examples explained so far, such as the con-
figuration in FIG. 1A, the power source 21 is provided in the
display device 10 and can be realized by a thin battery, such as
a button cell. There can also be various modified examples of
the power source.

[0127] FIG. 16 shows a configuration of a modified
example that utilizes the non-contact electric power supply
method described in patent document 2. There is provided a
base power source 91 that outputs a high frequency signal for
electric power outside the display device 10. The display
device 10 includes an electric power reception part 92 that
receives the high frequency signal for electric power, rectifies
the received high frequency signal for electric power, and
generates a direct current. The electric power reception part
92 supplies the generated direct current power source to the
power source 21 and the power source 21 accumulates the
supplied electric power. When the accumulated electric
power is running short, the base power source 91 is instructed
to transmit a high frequency signal for electric power.
[0128] As illustrated in FIG. 17, it may also be possible to
provide a power source 93 outside the display device 10 and
supply power source to the control part 22 and the actuator
drive part 24 via a wired connector 94 provided at a part in
contact with the holding part 12 of the flexible display ele-
ment 11. With this configuration, it is possible to increase the
capacity of the power source 93 provided externally. How-
ever, it is not possible to use the conventional holding part for
paper medium as it is.

[0129] FIG. 18 is a diagram illustrating still another modi-
fied example. In the configuration in FIG. 1A, the power
source 21, the control part 22, the storage part 23, the actuator
drive part 24 and the actuator 25 (25A to 25D) are provided in
the display device 10, however, it is also possible to, as
illustrated in FIG. 18, provide only the display part and the
actuator on the display element (electronic paper) 11 and
provide the power source 21, the control part 22 and the
actuator drive part 24 externally (the storage part is not illus-
trated schematically), and then write an image to the display
part from a control part 96 via the wired interface provided in
the holding part 12 and drive the actuator 25 by the actuator
drive part 24.

[0130] As described above, the embodiments disclose a
novel display element and a display system capable of further
increasing the degree of attention in a display device that uses
a flexible display element.

[0131] As described above, in the display device and the
display system, there is provided a control part that causes a
display part to perform a bending motion in accordance with
an image to be displayed on the display part.

[0132] The control part is configured to cause the display
part to perform a bending motion in accordance with an
image, and therefore, it is possible to further increase the
degree of attention.

[0133] The control part causes the display part to perform a
bending motion by driving an actuator attached to the display
part.

[0134] It is possible to cause the display part to bend into
various shapes by attaching a plurality of actuators to the
display part and causing the control part to selectively drive
the plurality of actuators. Further, it is also possible for the
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control part to cause the display part to perform a predeter-
mined motion by driving the plurality of actuators in an
interlocking manner.

[0135] Any actuator can be used, however, an actuator that
is thin, light, and consumes less power is preferable and a
piezoelectric actuator or thermal distortion actuator including
a monomorph or bimorph structure can be used. An actuator
including a monomorph structure can bend in one direction,
however, an actuator including a bimorph structure can bend
in both directions.

[0136] An actuator including a bimorph structure is config-
ured so as to include a first piezoelectric element film formed
on a first electrode, a common electrode formed on the first
piezoelectric element film, a second piezoelectric element
film formed on the common electrode, and a second electrode
formed on the second piezoelectric element film.

[0137] When image data includes an emphasized display
region, if the control part causes the region of the display part
corresponding to the emphasized display region to perform a
motion, such as a bending motion, it is possible to further
increase the degree of attention.

[0138] It may also be possible to design the configuration
so that data of bending motion includes information about the
magnitude of a bending motion and the control part changes
the magnitude of the bending motion in accordance with an
image to be displayed on the display part.

[0139] It may also be possible to design the configuration
so that data of bending motion includes information about the
speed of a bending motion and the control part changes the
speed of the bending motion in accordance with an image to
be displayed on the display part.

[0140] Further, it may also be possible to design the con-
figuration so that a detection sensor is provided in the display
device orin the vicinity thereof and the control part causes the
display part to display an image in accordance with a detec-
tion signal of the detection sensor and at the same time,
causing the display part to perform a bending motion in
accordance with the image. Due to this, for example, it is
possible to suddenly produce a display when a passerby
approaches and cause the display device to bend, and there-
fore, it is possible to further increase the degree of attention.
[0141] When a target is a passerby including an identifica-
tion element, such as RFID, it is possible to produce a display
in accordance with the target and thereby increase the degree
of attention by designing the configuring so that a detection
sensor further detects identification information and the con-
trol part causes the display part to display an image in accor-
dance with the identification information and at the same
time, causing the display part to perform a bending motion in
accordance with the image.

[0142] When the display device includes a plurality of
actuators, it is possible to rock the display part back and forth
by continuously shifting the bending timing at which the
control part causes the display part to bend. By rocking the
display part back and forth in accordance with an image to be
displayed, it is possible to further increase the degree of
attention.

[0143] It may also be possible to arrange an optical ele-
ment, such as a Fresnel lens, on the display surface in order to
make more conspicuous a bending motion.

[0144] Itis necessary for the display part to be flexible and
can berealized by, for example, a liquid crystal display device
that includes liquid crystal including a cholesteric phase and
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which displays an image by switching the state between a
planar state and a focal conic state.

[0145] Itis necessary for the display part to be flexible and
desirable to be in the form of a sheet.

[0146] Itisnecessary to provide a display part and an actua-
tor to the display element, however, there can be various
modified examples depending whether a power source, a
control part, a storage part that stores data of bending motion
corresponding to image data, an actuator drive part, etc., are
provided to the display element or to a part other than the
display part. There can also be various modified examples
depending on the method of supplying display data, data of
bending motion, and power source.

[0147] For example, the display element is provided with a
storage part that stores image data and data of bending motion
corresponding to the image data, and the control part reads the
image data and the data of bending motion corresponding to
the image data from the storage part and causes the display
part to display the image data and at the same time, causing
the display part to perform a bending motion based on the
image data and the data of bending motion.

[0148] Itis also possible to design the configuration so that
an information reception part that receives an input of infor-
mation from outside is provided, and the information recep-
tion part receives information including image data and data
of'bending motion from outside and stores it in a storage part.
The information reception part receives information from
outside by a wireless or wired network. Further, it is also
possible for the information reception part to receive a high
frequency signal from outside, rectify the high frequency
signal, and use it as a power source to display an image on the
display part.

[0149] If the display device is configured so as to be
arranged in a suspended state, it is easy to exchange a con-
ventional paper medium with the device.

[0150] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a illustrating of the superiority and
inferiority of the invention. Although the embodiments ofthe
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A display device comprising:

a display part that displays an image; and

a control part that causes the display part to perform a
bending motion in accordance with the display image.

2. The display device according to claim 1, comprising an

actuator attached to the display part, wherein

the control part causes the display part to perform a bend-
ing motion by driving the actuator.

3. The display device according to claim 2, wherein:

the two or more actuators are provided to the display part;
and

the control part selectively drives the two or more actua-
tors.

4. The display device according to claim 3, wherein

the control part drives the two or more actuators in an
interlocking manner.
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5. The display device according to claim 2, wherein

the actuator comprises:

a first piezoelectric element film formed on a first elec-
trode;

a common electrode formed on the first piezoelectric
element film;

a second piezoelectric element film formed on the com-
mon electrode; and

a second electrode formed on the second piezoelectric
element film.

6. The display device according to claim 1, comprising a
storage part that stores image data and data of bending motion
corresponding to the image data, wherein

the control part reads the image data and the data of bend-

ing motion corresponding to the image data from the
storage part and causes the display part to display the
image data based on the image data and the data of
bending motion and at the same time, causing the dis-
play part to perform a bending motion.

7. The display device according to claim 6, wherein:

the image data comprises an emphasized display region;

and

the control part causes the region of the display part corre-

sponding to the emphasized display region to perform a
bending motion.

8. The display device according to claim 6, wherein:

the data of bending motion comprises information on the

speed or amplitude of the bending motion; and

the control part changes the speed or amplitude of the

bending motion in accordance with an image displayed
on the display part.

9. The display device according to claim 1, comprising a
detection sensor, wherein

the control part causes the display part to display the image

in accordance with the detection signal of the detection
sensor and at the same time, causing the display part to
perform a bending motion.

10. The display device according to claim 9, wherein:

the detection sensor further detects identification informa-

tion; and

the control part causes the display part to display an image

in accordance with the identification information and at
the same time, causing the display part to perform a
bending motion in accordance with the image.
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11. The display device according to claim 1, wherein

the control part causes the display part to rock back and
forth by the bending motion.

12. The display device according to claim 1, comprising a

lens arranged on the display surface.

13. The display device according to claim 1, wherein

the display part comprises liquid crystal including a cho-
lesteric phase and displays the image by switching the
state between a planar state and a focal conic state.

14. The display device according to claim 1, wherein

the display part is in the form of a sheet.

15. The display device according to claim 6, comprising an
information reception part that receives an input of informa-
tion, wherein

the information reception part receives information includ-
ing the image data and the data of bending motion from
outside and stores the information in the storage part.

16. The display device according to claim 15, wherein

the information reception part receives the information
from the outside via a wireless or wired network.

17. The display device according to claim 15, wherein

the information reception part further receives a high fre-
quency signal from outside, rectifies the high frequency
signal, and uses it as a power source to display an image
on the display part.

18. The display device according to claim 1, wherein

the display device is arranged in a suspended state.

19. A display system comprising:

a storage part that stores image data and data of bending
motion corresponding to the image data;

a transmission side device comprising a data transmission
part that transmits the image data and the data of bending
motion stored in the storage part to a display device;

a reception part that receives the image data and the data of
bending motion from the data transmission part;

a display part that displays an image corresponding to the
image data; and

a control part that causes the display part to perform a
bending motion in accordance with the data of bending
motion.

20. The display system according to claim 19, wherein

the transmission side device and the display device are
connected via a wireless or wired network.
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